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Goals for Today

 High-level discussion of Integrated Energy Systems

* Overview of Dynamic Energy Transport and Integration Laboratory
(DETAIL)

* Overview of Thermal Energy Distribution System (TEDS)

* Overview of Microreactor Agile Non-Nuclear Experimental Test Bed
(MAGNET)
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Integrated Energy Systems (IES)
...using energy efficiently and effectively...
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sizes and energy demands. Hydrogen and

Transportation Fuels

) ; Clean Water
arge =N .
Light Water ¢ Micro
Reactors Reactors
Small
' Reactors

¢y Reactors .:‘@j> IES

(D] Integrated Energy Systems

https://ies.inl.gov



IES Offer a Key Opportunity for Energy System

Flexibility

MICROREACTOR SMALL MODULAR LARGE SCALE
. 1MW - 20 MW REACTOR REACTOR
Nuclear is evolving — 20 MW - 300 MW 300 MW - 1,000+ MW

into a more
flexible energy
source that

can work alongside
chemical plants and

7
f<
A

renewable generators

to create integrated - SIZE

energy systems. - Nuclear has the right-sized
) s')\é) reactors to meet the energy
<< PRODUCTS

needs of any community.

Nuclear’s thermal energy
can be used to create

many diverse products: !
FLEXIDILITY

| vehicles
I synthetic fuels
ammonia

FLEXIBILITY energy.gov/ne

metals refining
and more

—
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LWR-H, Demonstration Projects: Exelon, USA

Baseload generaticn
o= &

MR E l Carbon-free h
Xe Ono nuclear

_ generation )

Partners: Nel Hydrogen, ANL, INL, NREL (via DOE) 3
Analysis Report: Evaluation of Hydrogen Production e ' On-site i
for a Light Water Reactor in the Midwest Ty | electrolyzerfor |
e ! hydrogen !
olf SUDDIY O : generation |
. pi;;r’s;;ﬁgro;en ! * ;- bEk - |
Purpose & Scope' use: Offset O&M ¢ 1
On-site !
1. Demonstrate hydrogen production using direct electrical . Hydmé}en ] Peak power |,
power offtake from a nuclear power plant and acquaint plant : storage J generation ||
1 L_ :

operators with methods and controls for scaling up to large

commercial plants. .. I “““““““““““““““““
. . : — Gas pipeline
2. Evaluate power offtake dynamics and inverter control — Sale & injection into ___

. . . . y gas pipeline
response to provide grid contingency, ramping reserves, and e tion
volt/reactive control reserve.

Regional hydrogen On-site hydrogen user
5. Produce hydrogen for captive use by NPPs market (e.g Gas turbine)

6. Produce hydrogen for first movers of clean hydrogen; fuel-
cell buses, heavy-duty trucks, forklifts, and industrial users

**Exelon will commence testing within

18-24 months at a to-be-announced /
LWR plant. ! '
. \.Intemfa@%ﬂeﬂrmfﬂuvw&&@mgs
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https://www.osti.gov/biblio/1569271-evaluation-hydrogen-production-feasibility-light-water-reactor-midwest
https://www.osti.gov/biblio/1559965-evaluation-non-electric-market-options-light-water-reactor-midwest

LWR-H, Demonstration Projects: Davis Besse, Ohio, USA

energy
Z— harbor
@ Xcel Energy
Electrical ' &
Tie-In .;!‘Eirjﬁr B o

Industry Consortium of Energy
Power Harbor, Xcel Energy, Arizona

Block
Public Service, DOE Labs
The engineering design team will design and
locate the hydrogen production equipment
such that the effect on the design and licensing
basis is mitigated (to the extent practical).
**Commence testing in 24-36 months. Analysis Report: Evaluation of
Hydrogen Non-electric Market Options for /.
Production I_WRS f ‘ ReAcToR " a Light-water Reactor in the ’
Area e Midwest ! 3
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https://www.osti.gov/biblio/1559965-evaluation-non-electric-market-options-light-water-reactor-midwest
https://www.osti.gov/biblio/1559965-evaluation-non-electric-market-options-light-water-reactor-midwest

Dynamic Energy Transport and Integration Laboratory (DETAIL)
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8- () Dynamic Energy Transport &

Integration Lab (DETAIL
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Dynamic Energy Transport &
Integration Lab (DETAIL
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TEDS

To begin initial operation in December 2020
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TEDS Objectives

- Performance analysis and demonstration of:
= Energy storage in charge and discharge modes
= Energy storage in the context of integrate) system operation strategy

= Valves, flanges, instrumentation, and other associated components (such as gaskets, seals, filler materials) under steady-state
and cycling modes

= Distribution of thermal energy to and from various co-located systems, further providin? information on the dynamic operation
and gharac’g{erlstlc time constants associated with moving thermal energy between systems of different sizes and hea
requirements.

- Develop and demonstrate monitoring and control systems and to investigate real-time, hardware-in-
the-looi) response characteristics relative to grid operations. The system can be used to characterize
thermal energy inertia and thermal energy management relative to the interoperability of a nuclear
plant, power generation, and industrial heat applications.

- Validate computational models such as RELAP, Modelica, and other transient physics-based models
that can support scale-up of integrated energy systems.

- Demonstrate transport/transmission characteristics and performance in a flexible and dynamic
manner, such that the envisioned operating modes can be tested and performance verified.

* Provide a test platform to test standard regional grid operations and to experimentally simulate the
buildout of potential future grids that may include excessive renewable (solar and wind) penetration.

* Provide an opportunity to experimentally demonstrate grid stressors that otherwise may not be
simulated and see how such stressors may impact the generators in one-way feedback.

- Support unattended operation and provide a platform for demonstrating safe shutdown procedures.

» Provide a test/demonstration platform to support cyber-informed engineering of controls and hard rel
systems. .:@tﬁi ES
o
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TEDS Process and Instrumentation Diagram (P&ID)

P&ID Legend

Flow Meter
() B

State Point Inform ation

1.T=225°C
2. T=300°C
3.T=325°C
3a T=223°%C
4.T=325°C
5.T=225°C
6. T=20C
7.T=300%C

NPSHr =193 kPa (3 psig)
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TEDS Design Parameters

* Design Pressure 100 psig

* Design Temperature 340 °C

* Maximum Operating Temperature 325 °C

* Maximum Operating Pressure 14 psig

* Electric Heater Capacity 200 kW

* Nominal Flow Rate 14-33 gpm)

* Working Fluid Therminol 66

* Therminol 66 Properties:

« wide operating temperature range (-3 to 343°C)
* low vapor pressure at high temperatures (10.3 psi at 340°C)

« wide range of material compatibility .:‘@32 IES
X
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MAGNET

To begin initial operation in December 2020

R Integrated Energy Systems



MAGNET Objectives

* Provide a general-purpose, non-nuclear test bed to evaluate microreactor designs

* Provide detailed thermal-hydraulic, performance data for prototypical geometries and
operating conditions

= Test article/flow loop temperature-time histories during start up, shut down, steady state, and off-normal
operations

= Displacement and temperature field data for potential design performance verification and accompanying
analytical model validation

» Demonstrate integration of a power conversion unit

- Demonstrate applicability of advanced manufacturing techniques, such as additive
manufacturing and diffusion bonding for core and heat removal section designs

+ |dentify and develop advanced sensors and power conversion equipment including
instrumentation and controls for autonomous operation

- Enhance readiness of public stakeholders, particularly DOE laboratories and US NRC, to
design, operate, and test high-temperature reactor components

23 IES
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MAGNET P&ID

Chilled Water to/
from TEDS Chiller

PRV-01 ;
22 bary <

Changeover
Manifold and Self-
Venting Regulator

CG

The CG can be N, He, Air,
or other compressed gas

?

10.8 barg, 20 °C

Vent
BV-04 (1)
: Future PCU or thermal
@ @ 11.4 barg, 602 °C | link to TEDS
W
4"NPS, Sch 40 ! \ Turbine
Core heat | Electrically heated 1T —
removal 250 core 250 kW
kW - —
Thermocouple and
- Heater Power Leads
Al
J Environmental Compressor \ L /
| Chamber Vacuum Pump ¢ I
e 7 ,OAD‘
| Test Section Bypass
[ .
Recuperator
RHX-01 J‘ J‘
11.5 barg, 363 °C Insulated ‘ | - [
1A
4" NPS, Sch 40 { BV-01

Insulated

J HX-01

Heat rejection

PP

PRV-02

22 bar,

RECEIVER

3" NPS, Sch 40

Design Temperatures

T1=650°C
T2=300°C
T3=60°C

to chiller
VFD-01
BV-05 |:

DX
1T Y

1 COMP-01

2™ Compressor
(future)

1

_

11.1 barg, 284 °C

0% Y9S ‘SdN .£
2.8.¢ ‘Breqzy

barg and 20 °C)

3" NPS, Sch 40
R
.938 kg/s
1706 SCFM @ CP | |
(146 ACFM at 12 LA
MFM-01

Notes:
1. System design pressure is 22 bar

2. Flow conditions shown in black are outputs from ASPEN/
HYSYS, and those shown in blue are inputs to the ASPEN/
HYSYS model.
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MAGNET Design Parameters

* Heat removal capacity: 250 kW

* Design pressure: 22 bar

* Hot section design temperature: 650 °C

» Coolant: Compressed N, or He
» Heat sink: Chilled water

« Expandable with potential to add power conversion unit or HX
interface with collocated system in the future

* Recuperative HX

(Designed with air-Brayton cycle design parameters for temperature and pressure in mind)
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Single-Heat-Pipe Preliminary Testing

e Quartz tube will be evacuated and back filled
with inert gas

* Flow and AT meters allow determination of
heat removal rate and comparison to total
heater power at steady state

 Recirculated cooling water from 2.5 kW chiller

“Chier

Cooling Water

Vacuum pump

Quartz tube

@ Surface TCs
T

-}

- il
Heat pipe HJ Hex Core block ]\

\ Cartidge heaters

Process flow diagram for single heat Withintemal TCs
pipe (7-hole hex block) experiments

Process flow diagram for single heat pipe
(7-hole hex block) experiments

Quartz tube allows testing in o IES
vacuum or inert gas environments U, 1>
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Single-Heat-Pipe Preliminary Testing

Q-ring
Q-ring Carrier
uartz tube
: bored-through
fittings
— s [
(_ ‘;, .
reducing union tee, 1x 3/4 x 3/8, | | — P — ;U:
Part# 85-1610-3-12-6 — —_1 | ] —
]
[] [] water flow inlet
3/4" tube. 020 wall fitting bored-through asy
on 3/4 side /—\
0 ) L ] 1" tube, 0.035" wall N . | L‘ :
e e e e e e T e T e e T T e e T T e e e e P e T T e L
T
6.29% [T I
heat pipe (0.625 OD) 1 | | ‘ ‘ | | | ‘ r
| | |
1 ] | — = g g;f:l— —
5.964 F annular gap forwater = /
[4:#] flaw (hatched) He gasgap
[ |
s S R _
|
i —HH
N g |
St
~ iLi\_ﬂ I
water flow outlet

Note: not shown at full length

Detail of heat pipe cooling/condenser section

« Surrounded by a water-cooled shroud with a gas gap (wire wrap will center the heat
pipe inside the shroud)

« Water cooling can support high heat removal rates - greater than the heat pipe rating
* Heat transfer across gap is a combination of radiation and conduction (conduction is

dominant)
- Steady-state heat pipe temperature and heat flux can be varied by using He or Ar  _¢ ’7> |ES
gas or by varying the length of the condenser section O neanated Energy Systems

https://ies.inl.gov



Printed Circuit Heat Exchanger Testing

Advantages of PCHE-style Heat Exchangers for Microreactor
Heat Removal

« High heat transfer coefficients (gas flow in microchannels)

* Inherent suitability for high pressure, high temperature applications

* High heat transfer surface area (extended surface heat transfer)

* Low temperature gradients and thermal stresses through optimized
designs

« Lower susceptibility to damage from single-channel flow blockages
 Very low axial temperature gradient

« Uniform heat transfer per unit axial length takes full advantage of
entire length of heat removal section of heat pipes
W%
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Initial PCHE Design

N— TR (@ETH THRU
(70 DETAIL

FOR DIMENSIONS OF THE SHEET

s (5 DETAIL
FOR DIMENSIONS OF THE SHEET
s> DETAIL

SCALE- 14

[

ISOMETRIC

/.
Process flow diagram for single heat .,‘\ '> IES
pipe (7-hole hex block) experiments D% ogated ey Systoms
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Initial PCHE Design

888.83

l833_62

778.40

SRR

) N\\e) L I

Temperature and Stress Fields For Top Platelet
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Second PCHE Design (Hybrid Cooling)

15t plate 2" plate

3"d plate 4th plate

« Design Improvements: (i) Outward Flow Path, (ii) Counter Current Flow (iii) Multiple

Inlets, (iv) 3-Way “Counter-Current” Flow Paths

« Flow Path Configuration 518t plates rotated 120°

oth-12% plates rotated 240°

» A total of 12 plates are simulated

25 IES
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Second PCHE Design (Hybrid Cooling)

Stress Von Mises (MPa)

138.28

110.94

83.606

‘s o000
@
TR

w

875.97

56.268

849.36 28.629

(X 0

1.5907

Temperature and Stress Fields For Top Platelet
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Questions?
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